Introduction
============

Critical illness is typically associated with a catabolic stress state in which patients demonstrate a systemic inflammatory response coupled with complications of increased infectious morbidity, multiple organ dysfunction, prolonged hospitalization, and disproportionate mortality.[@b1-tcrm-14-385]--[@b5-tcrm-14-385] Suspension of feeding and the resultant inability to reach nutritional goals is one complication of gastrointestinal (GI) dysfunction, but there are others (mucosal barrier disruption, altered motility, atrophy of the mucosa, and reduced mass of gut-associated lymphoid tissue) that may explain the greater length of stay (LOS) and death rate with GI dysfunction.[@b6-tcrm-14-385] In Europe and the United States, nutritional administration guidelines recommend primarily enteral nutrition (EN) for hemodynamically stable intensive care unit (ICU) patients. Providing EN in these patients has been shown to be superior to parenteral nutrition.[@b6-tcrm-14-385],[@b7-tcrm-14-385] GI complications such as constipation, delayed gastric emptying, diarrhea, and vomiting may occur in up to 50% of mechanically ventilated patients and adversely affect ICU mortality and LOS.[@b8-tcrm-14-385]--[@b12-tcrm-14-385] Nevertheless, there is no consensus for obtaining a precise assessment of GI function.[@b13-tcrm-14-385]

Diagnosis of GI dysfunction in ICU patients is complex and relies on clinical symptoms. Lack of validated markers of GI system dysfunction is often misdiagnosed and poorly managed in the ICU.[@b14-tcrm-14-385] The role of nutrition in critical illness is important, but there is an increasing evidence and broadening consensus that aggressive early feeding as well as prolonged underfeeding both should be avoided.[@b15-tcrm-14-385]--[@b17-tcrm-14-385] Avoidance of complications like malnutrition, aspiration of gastric contents, wound infections, and decubitus through GI dysfunction is an important part of management of patients with GI failure.

Our hypothesis depends on the idea that GI dysfunction could be detected more than we assumed in enterally fed ICU patients, and dysfunction of the GI tract results in some problems, of which if we aim to find the most relevant risk factors for GI dysfunction, there would be a possibility to reduce them. Hence, intensivists provide appropriate nutrition for patients, as well as prompt intervention and the development of treatment strategies in the event of GI dysfunction. This prospective observational study aims to evaluate the risk of GI dysfunction and to determine the frequency, risk factors, and complications during EN in the first 2 weeks of the ICU stay.

Materials and methods
=====================

Patient data
------------

In this prospective observational study, 137 out of 226 patients consecutively admitted into a mixed medical--surgical ICU from 1 January 2015 to 31 June 2015 were enrolled according to the following criteria: ICU stay \>48 hours, no admission diagnosis of GI bleeding, and absence of enterostomy or colostomy ([Figure 1](#f1-tcrm-14-385){ref-type="fig"}). Patients with symptoms occurring during the first 48 hours following ICU admission or those in whom laxative drugs were used, those in the prone position, or those with *Clostridium difficile* infection were excluded. Ethical approval for the audit was obtained from the Istanbul University Clinical Research Ethics Committee (file number: 2014/1870), and written informed consent was obtained from the study subjects.

We have defined GI dysfunction as one of the following three symptoms: constipation, upper digestive intolerance (UDI), or diarrhea. Diarrhea was defined as the elimination of at least three liquid stools per day. Constipation was defined as a frequency of feces evacuation of \<3 times per week, a feeling of incomplete rectal evacuation, hard stool or difficult passage of stool, or need for laxatives. UDI was recognized when the gastric aspirate volume (GAV) was 150--500 mL on two consecutive measurements, when the GAV was \>500 mL, or when vomiting occurred. We recorded the patient age, sex, body mass index (BMI), feeding goal, sequential organ failure assessment (SOFA) score, acute physiology and chronic health evaluation II (APACHE II) score, LOS in the ICU, diagnosis, outcome, and incidence and duration of GI dysfunction episodes. During the first 2 weeks in the ICU, we recorded the number of stools per day; type of EN product administered; amount of energy delivered by EN; and development of vomiting and basic treatment agents used, such as antibiotics, antivirals, antifungals, laxatives, prokinetics, probiotics, sedatives, vasopressors, and immunosuppressants. Possible predisposing risk factors for GI dysfunction, including nosocomial pneumonia, newly developed decubitus ulcer, multidrug-resistant (MDR) bacteria-positive culture, bacteremia, sum of the fluid balance, potassium levels, pH levels, albumin levels, mechanical ventilation, and continuous renal replacement therapy were recorded daily until ICU discharge. The patient's status (alive or dead) on ICU discharge and length of ICU stay were recorded.

Feeding protocol
----------------

The energy target was defined as that recommended in the American Society for Parenteral and Enteral Nutrition guidelines, that is, 25 kcal/kg/d.[@b3-tcrm-14-385] The feeding policy in our unit consists of starting EN via a nasogastric tube as soon as possible in all patients. The attending physician inserted a 16-Fr silicone nasogastric tube (Bıcakcılar, Istanbul, Turkey) in patients expected to stay in the ICU for longer than 48 hours. The correct position of the nasogastric tube was confirmed by injecting 40 mL air with a syringe down the tube and auscultating the epigastric area or by radiography if necessary. EN was initiated by the attending physician on day 1 after ICU admission in all patients who had a functional GI tract and were unable to eat orally. Anamnestic body weight was used to calculate daily energy requirements, and patient body weight was measured every 4 days. EN was administered continuously at a constant rate by using a peristaltic pump. The administration rate was increased gradually from 20 mL/h to the appropriate rate for the individual patient. Patients were cared for in a semirecumbent position (angle of at least 30°) if the patient's hemodynamic status was stable. GAV was measured by aspirating with a 50 mL syringe before starting EN and every 4--6 hours from days 1 to 14 or until the end of EN. Aspirate was returned to the patient unless it exceeded 500 mL.

Statistical analysis
--------------------

The sample size was calculated to determine the frequency of diarrhea, constipation, UDI, and variables (10 variables) as the primary output criterion. Baseline characteristics are presented as mean ± standard deviation or median (minimum--maximum) for quantitative variables, and as number (percentage) for qualitative variables. Quantitative variables were compared using an unpaired Student's *t*-test. Categorical data were compared using a *χ*^2^ test with Yates' correction or Fisher's exact test, depending on sample sizes. The variables "antibiotics," "antifungal drugs," "immunosuppressants," "sedatives," and "catecholamines" were analyzed according to their presence or absence daily. The variable "probiotics" was not analyzed because only one patient received probiotics. Only the first 14 days after ICU admission were considered for analysis because our study aimed to assess the GI dysfunction risk factors during the early phase of the ICU stay. Diarrhea and UDI were each analyzed according to the incidence (calculated as the number of patients with at least 1 day of either dysfunction over the total number of patients included, expressed as a percentage) and the number of affected days (calculated as the number of days with either diarrhea or UDI over the total number of analyzed days during the study period, expressed as the number of days per 100 patient-days). In addition, catecholamine use and albumin, potassium, and pH values (expressed per 100 patient-days) were compared with a *χ*^2^ test. Continuous data were compared using the Student's *t*-test. Multivariate analysis was conducted using logistic stepwise regression. Continuous data were transformed into categorical data using a clinically relevant value whenever possible or the median as the cut-off value. Data included in the logistic equation with a *P*-value \<0.05 were considered to be independent risk factors. Data analysis was performed using SPSS 21 software (IBM Corp., Armonk, NY, USA). A *P*-value \<0.05 was considered significant on outcome analysis.

Results
=======

Among the 226 consecutive patients admitted to the ICU during the 6-month study period, 137 were included. There were 65 men and 72 women, with a mean age of 61.3±18.8 years and a mean SOFA score on admission of 6.6±3.7. Diagnostic categories are listed in [Table 1](#t1-tcrm-14-385){ref-type="table"}. The main diagnosis for ICU admission was medical in 107 patients and surgical in 30 patients. Thirty patients had undergone recent surgery (laparotomy in 18 patients, thoracic surgery in 7 patients, and miscellaneous in 5 patients). In total, 86 patients had GI dysfunction, of whom 70 were hospitalized for medical reasons (81%) and 16 (19%) were surgical patients. The incidence of GI dysfunction in surgical and medical patients was similar (statistically not significant). Comorbidities on the first day included cardiac disease in 66 patients (48%), diabetes mellitus in 50 patients (36%), respiratory disease in 39 patients (28%), renal disease in 25 patients (18%), hematologic disease in 22 patients (16%), and neurological disease in 34 patients (25%).

Of the 137 patients, 86 (63%) had GI dysfunction (Group I) for between 2 and 14 days on one or more occasion and 51 (37%) had normal GI function (Group II). Patient characteristics according to the presence or absence of at least 1 day of GI dysfunction are listed in [Table 2](#t2-tcrm-14-385){ref-type="table"}. Those with GI dysfunction were characterized by a higher SOFA score at admission, high proportion of decubitus ulcers, and longer LOS in the ICU. However, age, BMI, and APACHE II score were not significantly different between the two groups.

A total of 2,693 patient-days were analyzed, and 1,132 patient-days had no GI dysfunction. During the first 2 weeks in the ICU, at least 1 day of diarrhea was observed in 30 patients (26%). In addition, 147 days were associated with diarrhea, and the diarrhea incidence rate was 5.5 per 100 patient-days ([Table 3](#t3-tcrm-14-385){ref-type="table"}). Constipation was seen in 40 patients (29%), mostly in the first week (85%). In addition, 188 days were associated with constipation, and the constipation incidence rate was 7.0 per 100 patient-days ([Table 3](#t3-tcrm-14-385){ref-type="table"}). UDI during EN was encountered in 50 patients (36%) at a median of 2.4 days after the onset of EN (range, 2--14 days). Furthermore, 212 days were associated with UDI, and the UDI incidence rate was 7.9 per 100 patient-days ([Table 3](#t3-tcrm-14-385){ref-type="table"}). At least one episode of vomiting occurred in 26 patients (19%) at a median of 1.4 days after the onset of EN (range, 2--14 days). In addition, 82 days were associated with vomiting, and the vomiting incidence rate was 3.0 per 100 patient-days ([Table 3](#t3-tcrm-14-385){ref-type="table"}). Among 137 included patients, *C. difficile* infection was diagnosed in only two patients (overall incidence 2.2%).

The median day of onset for both diarrhea and UDI was day 6 after admission; the median day of onset for constipation was day 3. EN was monitored for 1,196 days. The attending physician administered an antidiabetic formula to 50 diabetic patients (Resource Diabetic; Nestle, Creully, France or Glucerna SR; Abbott, Zwolle, Holland), a kidney-protective formula to 25 renal failure patients (Nepro; Abbott), and a standard enteral formula to the remaining 62 patients (Jevity, Osmolite, Ensure Plus; Abbott). Most diets contained 1.2 kcal/mL.

In the multivariable logistic regression model for GI dysfunction adjusted for MDR bacteria-positive culture, SOFA score, decubitus ulcers, negative fluid balance, bacteremia, and catecholamine use, a significant relationship remained between GI dysfunction and negative fluid balance (odds ratio \[OR\], 0.57; 95% confidence interval \[CI\], 0.34--0.94; *P*=0.03) and MDR bacteria growth in the culture (OR, 1.75; 95% CI, 1.15--2.67; *P*=0.008; [Table 4](#t4-tcrm-14-385){ref-type="table"}). In addition, high SOFA scores (*P*=0.04), catecholamine use on at least 1 day during the ICU stay (*P*\<0.001), and albumin levels \<2.5 g/dL (*P*=0.005) were revealed as risk factors for GI dysfunction.

Certain drugs used during the ICU stay were analyzed for the risk of GI dysfunction ([Table 5](#t5-tcrm-14-385){ref-type="table"}). The highest relative risk was observed with catecholamine use. Immunosuppressants, prokinetics, laxatives, antibiotics, antifungal drugs, insulin, continuous renal replacement therapy, and mechanical ventilation were not significantly associated with the risk of GI dysfunction ([Table 5](#t5-tcrm-14-385){ref-type="table"}). A stratified analysis was conducted to analyze the risk of GI dysfunction according to the albumin, potassium, and pH levels. There were no significant connections between GI dysfunction and acidosis or alkalosis and hypokalemia or hyperkalemia. However, patients with hypoalbuminemia were characterized by a higher proportion of GI dysfunction (*P*\<0.05).

Comparisons of outcome measures in patients with and without GI dysfunction during EN are listed in [Table 6](#t6-tcrm-14-385){ref-type="table"}. The LOS, number of patients with decubitus ulcers, and number of patients who could not achieve target energy intake were significantly greater in the patients with GI dysfunction than those without GI dysfunction. The median LOS per patient was 19.5 days (range, 1--103 days). In our study, enteral feeding was attempted in all patients, and only 25 (18%) out of 137 patients with or without GI dysfunction failed to achieve the target energy intake. However, enteral feeding was delayed in 25% of the patients with GI dysfunction and 4% of the patients without GI dysfunction (*P*=0.003). GI dysfunction was not significantly associated with pneumonia or mortality.

Discussion
==========

Our study investigates the incidence of GI dysfunction that was found to be 63%, which was associated mainly between MDR bacteria positivity and negative fluid balance. In our findings, negative fluid balance and MDR bacteria positivity were independent risk factors for GI dysfunction. We also showed that GI dysfunction was associated with high SOFA score, hypoalbuminemia, catecholamine use, and prolonged LOS. GI dysfunction, on the other hand, can cause some complications including inadequate nutrition, vomiting, and newly developed decubitus ulcers, and these complications may delay patient recovery. Therefore, this study reveals the need for the establishment of a management protocol to treat these complications.

Fluid balance is important and may lead to GI dysfunction in the critically ill. We know of one meta-analysis involving 19,902 patients who reported positive fluid balance was associated with intra-abdominal hypertension and increased complications such as intestinal edema, malabsorption, bacterial translocation, ileus, acidosis, and increased intestinal permeability.[@b18-tcrm-14-385] That study described the pathophysiological effects of positive fluid balance in the GI tract, such as reduced abdominal perfusion pressure, bowel contractility, and enteral feeding success. In our study, contrary to these findings, the relationship between negative fluid balance and GI dysfunction was investigated for the first time in the literature, and negative fluid balance was found to be a risk factor for GI dysfunction. This can be explained by convective problems, disruption of intestinal perfusion, and tissue hypoxia, resulting in intestinal motility disorders in patients with negative fluid balance. Therefore, during the period of fluid restriction, there was a significant reduction in stool weight and frequency as well as an increased tendency toward constipation, which indicates the importance of a normal state of hydration.

There is no report in the literature showing the relationship between MDR bacteria-positive patients and GI dysfunction. Therefore, our study was the first prospective observational study investigating this relationship. Results of this study showed GI dysfunction occurred more often in patients who have MDR bacteria-positive culture, and we assumed that this might have resulted from possible antibiotic usage and change in microbiome. As assumed, GI dysfunction not only might have resulted from a change in microbiome but also might be caused by a cofounding factor of vasopressor use. Since MDR bacteria-positive patients are often critically ill patients, they receive vasopressor treatment more commonly, and it should not be forgotten that vasopressor treatment is also a risk factor for GI dysfunction.

Critically ill patients are often treated with opiates, antibiotics, and catecholamines, which have already been identified as a risk factor for GI intolerance during EN.[@b19-tcrm-14-385],[@b20-tcrm-14-385] In a study conducted by Mentec et al,[@b20-tcrm-14-385] the incidence of upper GI dysfunction was increased in patients receiving sedative and vasopressor medication. Furthermore, reduction in the dosage of opiates and catecholamines may help reduce exogenous causes of delayed gastric emptying.[@b21-tcrm-14-385]--[@b23-tcrm-14-385] Similarly, catecholamines were independently associated with GI dysfunction in our study, but, in contrast to the findings of previous studies, we found similar use of opiates in patients with and without GI dysfunction. The rationale is to improve splanchnic perfusion to prevent or overcome dysfunction and to preserve the intestinal microbiome.[@b24-tcrm-14-385]

In critical illness, the interpretation of low citrulline as a marker of intestinal dysfunction should be treated with caution, in a similar manner in which low albumin in a critically ill patient needs to be cautiously interpreted as malnutrition.[@b25-tcrm-14-385] Citrulline is derived from the amount produced in the enterocytes of the small bowel. Levels of citrulline lower than 20 mmol/L seems to be indicative of intestinal insufficiency. Therefore, provision of adequate nutritional support to the critically ill is quite important to prevent malnutrition, and these biomarkers can lead us to detect related complications. However, EN in critically ill patients with GI dysfunction remains a clinical challenge.

A previous study in intensive care patients revealed that constipation caused a delay in enteral feeding in 50% of patients.[@b26-tcrm-14-385] Similarly, our study also showed that enteral feeding was significantly delayed in patients with GI dysfunction compared to those without. Therefore, management of GI dysfunction is critically important to prevent complications resulting from lack of feeding. Moreover, in the literature, the frequency of diarrhea varies between 2% and 95% in the critically ill.[@b27-tcrm-14-385] Compared to this, the incidence of diarrhea in our study might have been considered relatively low because of the differences in the definition of the condition. It is once again noteworthy that GI motility disorders lack precise definitions.

In our unit, patients were treated according to standard protocols for feeding, weaning from mechanical ventilation, sedation, and cardiovascular support. Fluid and electrolyte balance was measured daily and promptly treated and the patients were kept hemodynamically stable. We provided bowel care in the form of laxatives or prokinetic agents when signs of GI dysfunction were observed. GAVs are generally considered to indicate gastric emptying rate; volumes aspirated are also affected by the rate of feed administration, the technique of aspiration, gastric secretion, and duodenogastric reflux.[@b28-tcrm-14-385]

The absence of a consensus definition of GI dysfunction is a major limiting factor of research in this area. The absence of a clear definition of GI dysfunction and the limited number of patients and the inability of measuring nutritional and inflammation biomarkers should also be considered as main limitations of this study. We consider that dehydration, limited types of EN products in our hospital pharmacy, lack of fiber in the diets, and the difficulties of providing care to patients with MDR bacteria positivity were associated with the development of GI dysfunction.

In conclusion, maintaining a normal state of hydration is important, as dehydration has been shown to be a risk factor for many health conditions.[@b29-tcrm-14-385] Moreover, this is the first report in the literature investigating GI dysfunction in patients with MDR bacteria positivity and with negative fluid balance. We concluded that GI dysfunction should be considered a clinical predictor of inadequate nutrition and prolonged LOS. In addition, the most significant risk for GI dysfunction was observed in patients with MDR bacteria growth in the culture and patients in negative fluid balance. Intensivists provide appropriate nutrition for patients, as well as prompt intervention and the development of treatment strategies in the event of GI dysfunction. In addition, further studies are needed to clarify these relationships. Finally, there is a need for more prospective studies to compare different management strategies for GI dysfunction in critically ill patients.
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###### 

Diagnostic categories for Group I (with GI dysfunction) and Group II (without GI dysfunction)

  Diagnosis          Group I (n=86 \[63%\])   Group II (n=51 \[37%\])
  ------------------ ------------------------ -------------------------
  Medical/surgical   70 (81%)/16 (19%)        37 (72%)/14 (28%)
  Cardiac            46                       20
  DM                 34                       16
  Respiratory        28                       11
  Neurological       18                       16
  Renal failure      16                       9
  Hematologic        14                       8

**Abbreviations:** GI, gastrointestinal; DM, diabetes mellitus.

###### 

Comparison of the two groups according to the patient characteristics at admission

                 Group I n=86   Group II n=51   *P*-value
  -------------- -------------- --------------- -----------
  Age, years     62±18          60±20           0.7
  BMI, kg/m^2^   27±4.7         27±6.4          0.7
  SOFA           7.1±3.7        5.9±3.7         0.04
  APACHE II      21±7.4         21±9.9          0.8

**Note:** Group 1: Patients with GI dysfunction; Group 2: Patients without GI dysfunction.

**Abbreviations:** GI, gastrointestinal; BMI, body mass index; SOFA, sequential organ failure assessment; APACHE II, acute physiology and chronic health evaluation II.

###### 

Epidemiology of GI dysfunction during the first 14 days of the ICU stay (number of days \[per 100 patient-days\])

  --------------------------------------- ------------
  Number of days without GI dysfunction   1,132 (42)
  Diarrhea incidence                      147 (5.5)
  UDI incidence                           212 (7.9)
  Constipation incidence                  188 (7.0)
  Vomiting incidence                      82 (3.0)
  --------------------------------------- ------------

**Abbreviations:** GI, gastrointestinal; ICU, intensive care unit; UDI, upper digestive intolerance.

###### 

Multivariate analysis of risk factors for GI dysfunction during EN in 137 patients in the ICU

  Variable                        Wald   *P*-value   OR     95% CI
  ------------------------------- ------ ----------- ------ ------------
  MDR bacteria-positive culture   6.97   0.008       1.75   1.15--2.67
  Negative fluid balance          4.71   0.03        0.57   0.34--0.94

**Abbreviations:** GI, gastrointestinal; EN, enteral nutrition; ICU, intensive care unit; OR, odds ratio; CI, confidence interval; MDR, multidrug resistant.

###### 

Treatments during EN in 137 patients in the ICU (n \[%\])

  Treatments           Group I n=86   Group II n=51   *P*-value
  -------------------- -------------- --------------- -----------
  Catecholamines use   50 (58%)       21 (41%)        \<0.001
  Sedative drugs       67 (78%)       37 (72.5%)      0.47
  Insulin              42 (48%)       20 (39%)        0.27
  Antifungal drugs     31 (36%)       13 (25%)        0.14

**Note:** Group 1: Patients with GI dysfunction; Group 2: Patients without GI dysfunction.

**Abbreviations:** EN, enteral nutrition; ICU, intensive care unit; GI, gastrointestinal.

###### 

Comparison of outcome according to measurement of GI dysfunction during EN in 137 patients in the ICU (n \[%\])

  Outcomes                               Group I n=86   Group II n=51   *P*-value
  -------------------------------------- -------------- --------------- -----------
  Pneumonia                              28 (32.6%)     11 (21.6%)      0.16
  Mortality                              43 (50%)       18 (35%)        0.094
  Unable to reach target energy intake   23 (25%)       2 (4.4%)        0.003
  Decubitus ulcers                       45 (52%)       15 (29%)        0.009
  LOS                                    21.4±17        16±18.5         0.002

**Note:** Group 1: Patients with GI dysfunction; Group 2: Patients without GI dysfunction.

**Abbreviations:** GI, gastrointestinal; EN, enteral nutrition; ICU, intensive care unit; LOS, length of stay.
